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Abstract
Purpose To assess current practices in digital mammogra-
phy (DM) in Portuguese healthcare providers using digital
systems. To investigate compliance with European stan-
dards regarding mean glandular dose and quality control
practice and to identify optimisation needs.
Methods Two questionnaires, targeted at breast radio-
graphers and chief radiographers, were designed and ap-
plied in 65 imaging departments offering DM. Questions
fielded were focused on the staff profile and technical/
clinical practice.
Results Prior to starting their activity in DM, 70% (82 out
of 118) of the respondents received training in DM. The
practice in 29 out of 59 providers was established by the
manufacturers’ recommendations for image acquisition.
Variations were observed between radiographers who be-
long to the same provider namely the selection of expo-
sure parameters such as the target-filter combination and
automatic mode. The use of the manual exposure mode
was reported for imaging breast implants (44%) and sur-
gical specimens (22%). The main causes of repeat exam-
inations were skin folding (21%) and absence of pectoral
muscle (PM) (20%).
Conclusions The study revealed opportunities to optimise
radiographers’ practice in DM regarding the selection of
exposure parameters. A robust and consistent training
programme in DM and established local protocols can
help to reduce the variations observed and improve clin-
ical practice.
Main Messages
• Radiographers adopted different practices selecting AEC
modes and T/F combinations.
• Radiographer practice is more consistent using DR than
using CR systems.
• The main causes for rejecting images were the visibility of
skin folding and PM absence.
• Radiographers were partly unaware of the dose indicator.
• Radiographers’ training needs: QC, interventional proce-
dures and breast dose optimisation.
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Introduction
Digital mammography (DM) is in use worldwide and is
most commonly used in America, Europe, Australia and
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Japan. The International Cancer Screening Network
(ICSN) cited in its 2008 report that 15 out of 27
European countries implemented DM in their breast
screening programmes [1]. In the US, the Food and
Drug Administration approved DM in 2000 but its adop-
tion in screening mammography programmes has been
slow. In 2006 less than 10% of mammography systems
were digital [1]. In the UK, mammographic screening is
coordinated by the National Health Service Breast
Screening Programme (NHSBSP), which has implement-
ed DM at their centres. As of July 2011, 85% of breast
screening units had at least one DM set [2].
Obstacles to the introduction of DM include the high
capital cost of equipment including archiving facilities,
integration with existing X-ray systems, staff training
and workflow reengineering [3, 4]. The successful transi-
tion from screen film to DM and the cost-effective use of
DM require a clear understanding of the potential and
limitations of DM systems as well as their potential im-
pacts on the established routines [5–7]. Fully integrated
DM systems offer opportunities to streamline workflow
and increase workload [7–9]. Prior to clinical use of
DM, specialised training for radiographers and radiolo-
gists is essential as well as continuous refresher training
to update knowledge and promote competent and safe use
of the technology. The establishment of clinical protocols
and multidisciplinary meetings and feedback is important
to audit practice and identify opportunities for optimisa-
tion. These strategies are essential to promote high-quality
standards whilst minimising the radiation dose to the pa-
tient [7, 10–12].
Various organisations [e.g. the European Commission,
International Atomic Energy Agency (IAEA), Institute of
Physics and Engineering in Medicine (IPEM) and National
Health Service Breast Screening Programme (NHSBSP)] re-
lease guidelines aimed at promoting quality in mammography
and high-quality breast care. The currently available guide-
lines provide advice on organisational, technical and clinical
matters in DM [13–15].
In Portugal, DM was introduced in clinical practice in
2000 and it is currently in use by various healthcare pro-
viders for screening, diagnosis, intervention and follow-
up. No clinical audit data have been found to assess the
implementation of DM in Portugal or the impact of ar-
rangements put in place to promote cost-effective use of
the imaging modality in the national health system. In fact
studies combining all areas regarding radiographer prac-
tice in DM are scarce worldwide. Usually, the studies are
limited in scope and focus only on specific subjects such
as communication with patients, patient positioning, qual-
ity control practice, image evaluation and perception,
breast compression or other breast imaging techniques
[16–24].
The objectives of this study were to survey the academic
and professional profile of radiography staff performingmam-
mography and to characterise their routine practice in the use
of the digital technology. It also aimed at providing recom-
mendations to optimise the quality of DM performed in
Portugal.
Methods
Development, testing and application of questionnaires
Two original questionnaires were designed to implement
the survey. One was targeted to radiographers performing
mammography and the other was targeted to chief
radiographers who are frequently involved with the man-
agement of DM in Portuguese hospitals. Before sending
them, nine radiographers piloted the questionnaires and
suggestions were incorporated to improve the quality of
the tool.
The questions were designed to capture data on the
following themes: demographic profile such as age and
gender, experience in radiography and DM, specialised
education and training in DM and self-assessed training
needs (Table 1).
Data on the type of mammography system available at
the facility, e.g., computed radiography (CR), direct digi-
tal mammography (DDM), most frequently used tech-
nique, e.g., manual vs. AEC, selected target-filter (T/F)
combination, and the use of the breast dose (or exposure)
indicator (Tables 2, 3 and 4), were also collected.
Additionally, the variability in practice amongst
radiographers working at the same centre regarding the
protocol selected (T/F combination and AEC mode) was
also investigated.
The questionnaire was also designed to capture infor-
mation on the use of guidelines to support the practice in
place. It collected data on staff preferences and views
about the impact of DM on established practice, namely
in radiographic technique, workflow and workload
(Tables 3 and 4).
The questionnaires were posted or sent by e-mail to all
providers of mammography services using DM technolo-
gy (CR or DR) in continental Portugal and the Azores and
Madeira Islands. The healthcare providers invited to par-
ticipate in the study included large public hospitals, uni-
versity hospitals, private hospitals and diagnostic clinics.
The national coordination centre for breast screening was
also invited to take part in the study.
A cover letter informing about the context of the
study and its objectives accompanied the question-
naires. Contacts were established with the hospital ad-
ministration and with the local radiology department.
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The opportunity to take part in an independent assess-
ment of compliance with the best practice in mammog-
raphy was highlighted as a benefit to the healthcare
provider.
The data collected were screened for quality and the de-
scriptive statistical analysis was performed using the software
packages MS Excel (version 2007, Microsoft ©) and SPSS
(version 19, IBM).
Table 2 Summary of the questionnaire section to capture data on the specifications of the mammographic equipment available at the healthcare
provider questioned (target: breast radiographer and chief radiographer)
Table 1 Summary of the questionnaires targeted to radiographers illustrating the questions to capture data regarding education and training in digital
mammography
Insights Imaging (2017) 8:345–355 347
Table 3 Summary of the questionnaire targeted to the chief radiographer: questions to capture data to characterise the type of healthcare provider,
activity and workload
Table 4 Summary of the questionnaire targeted to radiographers to capture data regarding the radiographic technique used and the reference guidance
used to support usual practice
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Results and Discussion
The questionnaires were sent out to 270 institutions and 118
responses were received from 65 centres representing a re-
sponse rate of 24.1%.
Radiographers’ profiles
Age and gender
The majority of radiographers (98%; n = 118) were female
within the age range 20 to 59 years old. Among these were a
significant number of young professionals (46%) aged 20–29
years. Since mammography is a diagnostic modality used
most commonly for imaging female breasts, it seems natural
that the healthcare staff should bemainly composed of women
as this may also contribute to the patient’s acceptance and self-
assurance. Published studies [25, 26] indicate that some wom-
en undergoing mammography may feel embarrassed when
assisted by a male radiographer. Fitzpatrick et al. [25] reported
that overall, 17.5% of women agreed (or strongly agreed) with
the statement BIf there were male radiographers I would not
return to BreastCheck (Irish screening program) for another
screening appointment and a further 18.3% were unsure^.
Specific education and training in digital mammography
Many responding breast radiographers (88%; 96/118) had
graduated in radiography. The average work experience in
radiography was 10 years ranging between 1–39 years. The
average work experience in DM was 4.7 years (range: 1–15
years).
Prior to enrolling as DM radiographers, the majority (70%;
n = 118) of participating radiographers had received training
in DM. A few (3%) (4) received training by attending courses
on general radiology techniques. Participants stated that they
received training from the manufacturer’s study days (50),
through workshops (39) and/or other training courses (21).
The reported duration of the training varied with a predomi-
nance of short-term (1–2 days) sessions (73%). Longer train-
ing periods (≥1 month) were less frequent (27%). Topics cov-
ered in the training included advantages and limitations of
digital mammography, optimisation of exposure parameters,
technological developments in mammography and artefacts
recognition.
More than one third of the respondents (38%) reported
self-assessed the need to refresh their knowledge on DM.
Key areas of training needs that were highlighted were on
quality control (QC), interventional procedures and breast
dose optimisation. A previous study [10] about training
on medical imaging concluded that when compared to
CT and MRI, mammography was a less valued imaging
modality, which has also been highlighted in other
European studies [11, 27]. As per current practice, quali-
fied radiographers graduating in Portugal are entitled to
start performing DM promptly following graduation.
Anecdotal evidence suggests that experienced staff usual-
ly informally supervise radiographers starting to practice
mammography. Currently there is no established comple-
mentary training programme in place nationwide or a for-
mal continuous professional development (CPD) training
of 40 h/year as recommended by the EUREF guidelines.
Usual radiographic practice with digital mammography
systems
Support guidance for the technical protocol in use
The majority (63%) of centres followed the recommendations
provided by the manufacturer to select exposure parameters
on the DM systems. Some centres (29%) reported using pro-
tocols developed locally and a small percentage (6%) stated
Department
protocol
29%
National 
Guideline
2%
Manufacturer
International 
Guideline
63%
6%
Fig. 1 Guidance to support mammography practice in the participating
centres
Small Breast
17.1%
8.6%
Post-therapy
43.7%
Breast implants
1.6%
Equipment
22.0%
Surgical
 specimens
6.9%
Other
Fig. 2 Justification for the use of
manual exposure mode in
mammography
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using international guidelines [American College of
Radiology (ACR), European Protocol (EUREF)] to support
quality assurance in mammography (Fig. 1).
Exposure mode (AEC vs. manual)
Mammography imaging units incorporate an Automatic
Exposure Control (AEC) system. This provides a means of
achieving adequate and consistent image quality (IQ), inde-
pendent of the breast characteristics and the radiographer’s
experience in the selection of the X-ray tube exposure param-
eters [28–30]. AEC systems can operate in various modes that
are manufacturer-specific. For each system usually three
modes are provided offering a range of IQ options (lower,
standard and higher) selected by the radiographer according
to the clinical task (diagnostic or screening). The use of the
manual mode or manual selection of the settings by the
operator is not recommended for standard mammography
with few justified exceptions, like in the cases of breast
implants, surgical specimens and breasts that have under-
gone surgery or radiotherapy [31–33]. This was observed
in our sample: manual mode selection was mainly used
when imaging breast implants (44%), surgical specimens
(22%) collected during biopsies, small breasts and post-
radiotherapy breasts (Fig. 2).
Target-filter combination
The target/filter (T/F) combinations available were Mo/
Mo, Mo/Rh, Rh/Rh and W/Rh (Fig. 3). For CR systems
26%
43%
Mo/Mo
28%
41%
Mo/Rh
D
21%
R
R CR
13%
h/Rh
25%
W/Rh
3%
Fig. 3 Frequency distribution of
target-filter combinations used in
mammographic examinations
with the CR and DR system
(AEC)
Fig. 4 Variations in the technical protocol [target-filter (T/F) combination] amongst individual radiographers employed at the same centre used to
produce mammography images with CR systems
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Mo/Mo and Mo/Rh were the most frequently used, Rh/Rh
was reported in 13% of the cases and W/Rh was rarely
used. For DR systems Mo/Rh seemed to be the most fre-
quent T/F combination but Mo/Mo, Rh/Rh and W/Rh
were also frequently used.
Inter-radiographer variability (use of technical protocol)
The analysis of Figs. 4, 5, 6 and 7 shows that in some centres
some radiographers adopted different practices in the selection
of T/F compared to their colleagues. This was observed for
Fig. 5 Variations in the technical protocol [target-filter (T/F) combination] amongst individual radiographers employed at the same centre used to
produce mammography images with DR systems
Fig. 6 Variability in the use of AEC mode in mammography (CR system) for various members of staff (radiographers) and various institutions (inst.)
and manufacturers
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CR systems at centres 1, 2, 11, 14, 17, 21, 26 and 27 (Fig. 4).
The radiographers from institution 11 (Fig. 4) reported using
the W/Ag combination, which was not available on the mam-
mography equipment they were using. This may represent a
lack of clarity from staff regarding the feature of the equip-
ment in use.
For DR systems the overall practice adopted radiographers
was more consistent. However, variations in the selection of
T/F were noticed for centres 4, 10, 15 and 23.
Regarding the selection of AEC mode, a spread of scores
was observed for both CR andDR systems showing variations
between the centres (Figs. 6 and 7). The practice of individual
radiographers appears to be consistent. A higher variability
was shown for CR namely in institutions 1, 2, 7, 11, 14, 21,
26 and 27. The available AEC modes in mammography de-
vices are dependent of each manufacturer, and according to
radiographers they followed the manufacturer recommenda-
tions to choose the exposure mode. However, the answers
were not consistent with the options that are available in the
equipment for the majority (75%) of the institutions that were
considered. Radiographers’ training in DM is expected to
have a significant impact on their practice. A clear understand-
ing of the differences between the AEC modes provided by
the equipment (as well as the rationale for selection) is impor-
tant to select the technical protocol in mammography.
As discussed above, 33% of radiographers have not had
specific education and training in mammography and reported
little experience in using the technology. Also, the use of local
Fig. 7 Variability in the use of AEC mode in mammography (DR system) for various members of staff (radiographers) and various institutions (inst.)
and manufacturers
12.7%
Technical
parameters
8.6%
Image
processing
18.2%
Artifacts
17.8%
Patient
motion
21.0%
Skin folders
20.4%
Absence of
MP
1.3%
Other
Fig. 8 Causes for rejection and
repeat of mammography images
resported by breast radiographers
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protocols and guidelines for good practice was not consistent-
ly adopted. These factors could contribute to the observed
variations in practice amongst radiographers in the selection
of exposure settings.
Analysis of rejected/repeated examinations
About 88% of radiographers stated that they rarely needed to
reject and/or repeat mammography examinations. When ex-
aminations needed to be rejected and repeated, they reported
that the main causes for this were the visibility of skin folding
on the image (21%), absence of pectoral muscle (PM) (20%),
blur caused by patient motion (18%) and/or presence of other
types of artefacts in the image (18%) (Fig. 8). Less frequent
causes for rejection were inappropriate image processing and/
or technical parameter selection. However, the majority (65%)
of radiographers do not perform analysis of rejected/repeated
mammography examinations in a systematic way as recom-
mended by European guidelines (and ACR guidelines) affect-
ing the opportunity to identify opportunities for optimisation.
Assessment of rejected/repeated images to identify the
causes of rejection is a valuable quality assurance practice also
recommended by ACR and IAEA guidelines [14, 34–36].
Implementing corrective and preventive measures to reduce
the number of repeated mammography examinations is im-
portant to ensure that mammographic images are produced
at high quality/standards [14, 35] and comply with the
ALARA/ALARP principles. Additionally, financial gains
are expected because of the most efficient use of the equip-
ment and radiographers’ time.
Use of the dose (or exposure) indicator
Monitoring and optimising the dose to the patient in mam-
mography is a recommended quality control procedure by
all international guidelines to ensure that the risk to the patient
is kept low.
For DR systems the mean glandular dose (MGD) to the
breast can be monitored promptly following the exposure
using the dose indicator incorporated in the majority of DM
systems. For mammography with CR systems an MGD value
is usually not promptly available to the user. An indication of
exposure on the image receptor is used as it has an effect on
patient dose (and also on image quality). The name of the
index varies depending on the manufacturer. The responses
to the questionnaire showed that half (50%) of the
radiographers were aware of the existence of a dose indicator
on the equipment and used its displayed value to monitor the
dose to the patient following the mammography procedure.
About 11% referred to being aware of the indicator but not
using it. A substantial percentage (21%) of the respondents
were not aware of the indicator’s existence at all.
The analysis of the exposure indicator system is an impor-
tant QC practice that alerts the radiographer to the occurrence
of sub-optimal exposures; these may have a direct impact on
the IQ and patient dose. Considering the results of the survey
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it may be appropriate to provide radiographers with refresher
training about the dose in mammography. The training should
highlight the QA tools provided by the equipment such as the
dose indicator. Additionally, mechanisms to assess the impact
of training, such as auditing, should be put in place.
Appropriate communication and feedback mechanisms
among all staff members involved in mammography will also
be important to promote consistent practice.
Personnel views on the impact of digital mammography
More than half (57%) of the total number of radiographers
reported having noticed changes in practice following the in-
troduction of DM, particularly changes in the exposure factors
used. Their perception was that digital mammography de-
creased the patient dose compared to screen-film mammogra-
phy because of the reduction of exposure time and increase of
beam energy. They also reported that the introduction of AEC
modes caused reduction of the number of repeated images.
Variations in the T/F combination in use were reported by
17%, mainly referring to a decrease in use of Mo/Mo and
increased use of W/Rh (Fig. 9).
The majority of radiographers (75%) considered that the
introduction of DM did not require changes to the positioning
of the patient. A few radiographers (7%) reported that posi-
tioning small breasts is now more difficult compared to ana-
logue systems because of the larger platform size. Other au-
thors also reported challenges with positioning of small
breasts on large platforms and increased challenges to fully
fulfil the recommended criteria of good radiographic position-
ing practice [13, 35, 37]. When positioning small breasts there
is a risk of including part of the arm in the image and some-
times also part of the abdominal wall, which is not desirable.
Approximately half of the radiographers considered that
the introduction of DM caused impacts on workload,
workflow and examination time (Fig. 10). Image acquisition
was faster and the number of mammography procedures per-
formed per shift had increased. It was reported that time be-
tween consecutive examinations also increased allowing
radiographers to dedicate more attention to patients.
Conclusions
This study collected evidence and provided an overview of
radiographers’ profile and practices in use in digital mammog-
raphy in Portugal.
The majority of radiographers were young females with
little experience inDM. Specialised training inmammography
is not mandatory and radiographers were trained on the job
and worked under supervision. The majority of radiographers
identified self-assessed need for training on digital mammog-
raphy with focus on artefact recognition, dosimetry and
quality control. Limited evidence of compliance with the rec-
ommended international standards of good for mammography
practice (EUREF) was found as the radiographers do not per-
form 40 h/year of CPD in mammography and quality control
tests are not performed following the main recommendations
provided by the EUREF guidelines.
The study revealed opportunities for optimisation of radi-
ographer practice in digital mammography in Portugal. A ro-
bust and consistent training programme in digital mammog-
raphy for radiography staff can help reduce the observed var-
iations in practice. The training should take into consideration
the activities of the radiographer and include practice with the
equipment. It should be developed by a multidisciplinary team
with the input of the relevant stakeholders (radiographers,
radiologists and medical physicists). The establishment of an
international training network for mammography is likely to
provide a valuable contribution to improve and disseminate
best practice in digital mammography.
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